and the genetics of the host 3 . But unfortunately in human leishmaniasis, the host population is heterogeneous and the parasites are not clonal, and this makes it difficult to dissect out the relative contributions of the parasite and the host. However, the outcome of infection is largely dependent on the ability of the host to mount a protective T-helper-1 (Th 1 ) response versus the ability of the parasite to evade and manipulate the host's immune system 14 . Macrophages and effector molecules, dendritic cells (DC), T-helper cells (CD4+ T cells), cytotoxic T cells (CD8+ T cells), natural killer (NK) cells and cytokines are all, in one way or another, considered to play important roles in the immune response to Leishmania infection 15 .
Much of current knowledge of the contribution of host genetics to the pathogenesis of leishmaniasis comes from mouse models using cloned parasite lines and inbred mice, but these systems have many limitations and serve only as guides for exploration the facts in humans. During its development in the sandfly gut as a motile promastigote, a biochemical modification of the parasite's glycolipid coat occurs. This very transformation protects the parasite from rapid lysis via the mammalian complement system. Further, in an elegant example of molecular mimicry, the parasite uses the host complement receptor to gain access into the hostile environment of the phagolysosome and thrives. Depending on the species of the parasite, resistance to infection is generally associated with a T-helper-1 immune response that activates macrophages to kill intracellular Leishmania in a nitric oxide-dependent manner. Conversely, disease progression is generally associated with a T-helper-2 response that activates humoral immunity. It is expected that with the advent of the complete sequence of the human genome, it would facilitate the mapping of human genes controlling susceptibility to leishmaniasis. On the other hand, the elucidation of the complete sequence of the Leishmania genome, which is well under way, should facilitate the discovery of genes which determine parasite virulence 11, 16 .
In the search of susceptibility genes, several host genes have been identified using genetic approaches in both mice and humans. The early discovery that susceptibility to L. donovani, Salmonella enterica serovar Typhimurium, and Mycobacterium bovis was partly controlled by a single gene on mouse chromosome 1 led to the isolation from humans and mice of the gene encoding natural resistance-associated macrophage protein 1 (NRAMP1) 3, 17 . Disappointingly, recent data tend to indicate that this gene may not play a role in human leishmaniasis, in contrast to the wealth of prosperous data obtained in mice. The precise biological function of NRAMP1 is not yet known, but a closely related protein, NRAMP2, is a transporter of iron from endosomes to the cytoplasm 18 . While no association has been seen in humans between allelic forms of NRAMP1 and leishmaniasis, an understanding of its action may still help explaining the human and parasite and the emergence of new tools like microarray techniques will allow us to gain an in-depth understanding of the interaction between parasite virulence factors and host response factors. Until now, the factors determining susceptibility or resistance to visceral leishmaniasis remain partly unclear, but it is reasonably assumed that the genetics of the host may play a major role in the outcome of infection. The genes on the part of host so far causally related to leishmaniasis are genes encoding Tumor necrosis factor alpha and beta, Major histocompatibility complex and Natural resistance associated macrophage protein 5 .
Investigation of this parasite's interaction with the host's immune system may lead to a better understanding of how Leishmania infection can be resisted or the evasion strategies of these parasites which influence susceptibility of the host. Improved understanding of these areas should assist in the development of an effective prophylactic vaccine, capable of inducing the specific immune responses required to battle this parasite 6 .
Despite substantial efforts spent, there are no licensed vaccines available against leishmaniasis to date and control measures rely on chemotherapy to alleviate disease and on vector control to reduce transmission. In order to develop an effective vaccine, it is important to understand the mechanisms of the immune response to Leishmania infection so that the vaccine can be engineered to induce a protective response rather than one that could result in susceptibility to the parasite. A major vaccine development program aimed initially at cutaneous leishmaniasis is under way 7 . Leishmanization with living parasite was an early attempt but studies in animal models and humans are evaluating the potential of genetically modified live attenuated vaccines, as well as a variety of recombinant antigens or the DNA encoding them 8 . The vaccine program also focuses on new adjuvants, including cytokines and delivery systems to target the T helper type 1 immune responses required for the elimination of this intracellular organism 9, 10 . The availability, in the near future, of the DNA sequences of the human and Leishmania genomes will extend the vaccine program further 11 . It is assumed that new vaccine candidates such as parasite virulence factors will be identified and host susceptibility genes will be mapped to allow the vaccine to be targeted to the population most in need of protection 12, 13 .
Host Parasite Relationship
Leishmaniasis constitutes a diverse collection of human diseases ranging from spontaneously healing ulcer, sometimes disfiguring cutaneous or mucocutaneous lesions to visceral disease affecting the haemopoetic organs. Like many other infectious diseases specially those ones which are chronic in nature, the clinical manifestations of leishmaniasis depend on the interaction between the genetics of the parasite Susceptibility, resistance, and disease patterns probably depend on complex interactions between these genes 5 .
Vaccines in leishmaniasis
Historically, cutaneous leishmaniasis has been the focus of vaccination attempts, probably because it has been known since antiquity that individuals who had recovered from infection with Leishmania confers immunity to reinfection suggests that control of leishmaniasis by vaccination may be possible. Further, the observation that unlike some other parasites, Leishmania can be grown in cell-free media with ease and the use of killed parasites as skin-test antigens (leishmanin) for diagnosis in humans during the past several decades have prompted scientists to try using the killed parasites, with or without adjuvant, as vaccines or for immunotherapy. In addition, different recombinant molecules, either parasite fractions or genetically engineered organisms (i.e. Leishmania made avirulent by removing specific genes, or bacteria carrying and expressing Leishmania genes), are being investigated as potential future vaccines against leishmaniasis. The 'first-generation' vaccines, composed of killed parasites with or without adjuvant, have been derived using an empirical approach. The 'second-generation' vaccines have been genetically constructed, using a more rational approach. However, there are no vaccines available at present to control any form of leishmaniasis, despite considerable efforts. Studies of the immunopathogenesis and mechanisms of protective immunity, mainly derived from animal models of experimental Leishmaniasis, have defined a number of features that should be met by an effective vaccine. To date, there is no vaccine against Leishmania in routine use anywhere in the world. Several vaccine preparations are in more or less advanced stages of testing.
Live Non-attenuated Vaccines: Nicolle and Manceau (1908) established the culture conditions able to support the growth of promastigotes 27 and since then live organisms have been used for making controlled infections if not for vaccination in true sense 28 . 'Leishmanization', the deliberate inoculation of virulent Leishmania from the exudate of a cutaneous lesion, is the oldest vaccination against cutaneous leishmaniasis and has been practiced for centuries. This is because it has long been well established that recovery from cutaneous leishmaniasis is followed by long lasting immunity to the disease. Large-scale vaccination trials in the form of making controlled infection using live promastigotes were carried out in the Soviet Union and Israel with a high percentage of successful lesion development 29 . The success of this strategy relied critically on the viability and infectivity of the injected organisms. Organisms which had lost virulence were shown to induce delayed-type hypersensitivity but did not protect vaccinated persons from subsequent natural infections 30, 32 . Further, the use of live vaccines for Leishmaniasis has had many problems, including the development of large uncontrolled skin lesions, exacerbation peculiar ability the parasite has of surviving the harsh environment of the phagosome.
The molecular pathogenesis of mucocutaneous leishmaniasis, which might cause grossly disfiguring complication of a previously healed cutaneous infection, still remains a puzzle. Again host genetic factors have now been implicated in the pathogenesis of mucosal disease. A study in a Venezuelan population demonstrated that particular alleles encoding the cytokines " tumor necrosis factor" (TNF alpha and TNF beta) were associated with significantly increased relative risks (3.5 and 7.5 respectively) of mucocutaneous disease 19 . TNF alpha was over expressed from the allele associated with disease, an observation that fits well with other reports of high concentration of TNF alpha found in patients with leishmaniasis. This cytokine releasing gene was further implicated by a mouse study where one of the two receptors of TNF alpha was ablated by means of gene targeting. The mice lacking the receptor could not heal cutaneous ulcers despite being able to control parasite replication 20 . It has leaded the speculation that obviously, molecules other than the TNF receptors must be involved in susceptibility to disease.
For a disease in which healing and recovery depend on the induction of cell-mediated immunity, it is not surprising that the major histocompatibility complex (MHC) has been implicated intimately in its susceptibility. In mouse model, it was shown that different MHC haplotypes were associated with different degrees of susceptibility to visceral leishmaniasis. A role for the MHC in human cutaneous leishmaniasis has also been described in and is supported by a genetic linkage study in mice 21, 22 . These data add to the wealth of evidence supporting a role of the MHC in resistance to a variety of infectious diseases including leprosy, schistosomiasis, malaria, hepatitis B infection, and the progression of HIV infection to AIDS 23, 24 . The mouse model of infection with Leishmania major helped to explore the cellular basis of this phenomenon. Heinzel et al. correlated that the outcome of infection is determined by the nature and magnitude of T cells and cytokine response early in infection. In the infected inbred mice, production of IFN gamma by Th1 and natural killer (NK) cells mediate resistance, while, expansion of IL-4 producing Th2 cells confers susceptibility 25 . Environment produced by these different cytokines released by two subsets of T helper cells in turn recruits and activates different immune effector cells 26 . Moreover, once established, these responses become mutually exclusive to a large extent. In this logical way the type of T helper cell response determines the susceptibility or resistance to Leishmania infection.
In summary, the current data indicate that susceptibility to leishmaniasis is controlled by many genes, including TNF, the MHC, NRAMP1, and others of unknown function. Bangladesh even more toward a Th1 protective response than in natural infection. Although attenuated vaccines offer a novel approach to immunization against leishmaniasis however, there are fears that the parasite may revert back to a virulent form and also the issues of logistics for their large-scale production and distribution in the field are concern.
Recombinant and Synthetic Vaccines:
The newer vaccines under consideration comprise recombinant DNA-derived antigens and peptides. Some of the target antigens are species and life cycle stage specific, while others are shared by promastigotes and amastigotes. Some are conserved among Leishmania species, while others are not. Since T cells recognize peptides derived from cytosolic proteins bound in the MHC class I groove or peptides derived from the lysosomal compartment bound in the MHC class II groove on the antigen-presenting cell surface, it would appear that virtually any parasite protein might function as an antigen, regardless of its location in the parasite.
Recombinant antigens can be delivered as purified proteins, as the naked DNA encoding them, or as bacteria manufacturing the proteins in situ. Manipulations now allow targeting of the antigen to specific locations or to particular antigen-presenting cells, such as dendritic cells or Langerhans cells, which are considered essential for the initiation of primary T-cell responses. Injection of bacteria or naked DNA may have the added advantage of providing an adjuvant effect, which may "activate" or "licence" these antigenpresenting cells 40 . DNA vaccines present a multitude of advantages over other vaccine strategies and several features have made them an appealing alternative. Not only are they fast, simple and cheap to produce on a large scale, they are also temperature stable making storage and transport easier and cheaper as there is no need for a cold-chain of distribution 41.
Naked DNA Vaccines: Immunization with naked DNA is a new approach, which promises to revolutionize the prevention and treatment of infectious diseases 42, 43 . The gene encoding the vaccine candidate is cloned in a mammalian expression vector, and the DNA is injected directly into muscle or skin 44 . Surprisingly, the plasmid DNA is taken up by cells and translocated to the nucleus, where it is transcribed into RNA and then translated in the cytoplasm. The efficiency of uptake and the expression of plasmid DNA must be extremely low, but there is abundant evidence that it is sufficient to provoke immune responses in both T and B cells 45 .
Non-protein Antigens:
Early studies on vaccine development indicated that glycolipids such as the Leishmania lipophosphoglycan (LPG) provided excellent protection 46 . Protection depended on the use of adjuvants such as liposomes or Corynebacterium parvum and on the integrity of of psoriasis and other skin diseases, and even immunosuppression as determined by low responses to the diphtheria, pertussis, and tetanus triple vaccine 7, 32 . Consequently, the use of live virulent organisms for vaccination was discontinued, and in the 1990s the focus shifted to killed organisms. Killed vaccines: Killed Leishmania is an appealing vaccine candidate in terms of its stable biochemical composition and antigenicity, low cost and safety 33 . There have been several studies on killed Leishmania, with or without adjuvants, as a vaccine. Extensive vaccination trials with a cocktail of five killed Leishmania stocks or a single strain of L. amazonensis in Brazil and Ecuador have demonstrated significant protection from natural infection 34, 35 . These studies also indicated that delayed-type hypersensitivity skin test conversion can be used as a surrogate marker for protective immunity. Moreover, the immunized individuals developed long-lasting specific T-cell responses of the Th1 type, which may indicate a potential to protect from natural infection 36 . In Iran, a mixed BCG-L. major killed vaccine has also undergone clinical trials for safety and efficacy. In one study there was little difference in disease incidence between the group vaccinated with BCG alone and the group given BCG and vaccine. A second study showed that in the longer term, the vaccine combination provided better efficacy than BCG alone, suggesting that BCG may have had only a transient immunostimulatory effect 35 .
Live-Attenuated Vaccines:
The relative merits of liveattenuated vaccines versus killed vaccines have been a constant subject of debate in relation to many antimicrobial and viral vaccines. As discussed above for Leishmania, the most notable arguments have been those concerned with immunogenicity, efficacy, safety, ease of production and distribution, and stability. Genetic modification of Leishmania parasites to reduce virulence, yet maintain immunogenicity, is of current interest in Leishmania vaccine research. It is an appealing approach as attenuated parasites also called 'knockout parasites' closely mimic natural infection that may lead to similar immune responses without the danger associated with infection with live virulent parasites. Due to advances in molecular biology and the genomic sequencing of L. major, the attenuation of Leishmania parasites by removing, blocking or replacing essential genes is a possibility 37, 38 . It is now possible to generate parasites lacking genes essential for long-term survival in the mammalian host, such as the gene encoding the enzyme dihydrofolate reductase-thymidylate synthetase (DHFR-TS) 39 . These organisms can invade and undergo a limited number of replications in macrophages without producing disease. The use of attenuated organisms is very attractive because they are the closest mimic to the natural course of infection and may therefore lead to similar immune responses. Moreover, because of the small load of antigen delivered by the transient infection, the immune responses may be skewed essential for the induction and maintenance of Th1 immune responses by Leishmania vaccines, including DNA vaccines 48 . An interesting approach to the targeting of the immune response has been the coupling of the potent antigenpresenting ability of dendritic cells to the delivery of proinflammatory cytokines to the local site of response. For this purpose, adoptive transfer of dendritic cells engineered by retroviral infection to secrete IL-12 has been used to augment the effect of vaccination with dendritic cells pulsed with L. donovani antigen. Conclusion Leishmaniasis is a major cause of morbidity and mortality worldwide. Although there has been tremendous achievement in formulation of new chemotherapeutic agents to combat this infection but preparation of appropriate vaccines for leishmaniasis is still under trial. Unlike chemotherapy, vaccination is usually a "one-shot" affair. This makes it cheaper, and the easier logistics of administration lead to much better compliance. Vaccines have the advantage that they can be administered both in the prophylactic and therapeutic modes. The main scientific issues in the design of a Leishmania vaccine are no different from those for any other vaccine. They include specificity, the type of response induced, and the induction of long-term immunological memory. Like many other vaccines, the "rules of the game" for achieving these goals are still far from clear. The optimistic note is that, there is currently rapid progress in our understanding of the molecular nature of potential vaccine candidates and of the mechanisms of immune responses that determine disease prevention. However, manipulation of these responses in a reliable way is still at an early stage. Notwithstanding these caveats, there is a feeling of renewed optimism in the scientific community that a Leishmania vaccine is achievable. 47 . In this context, it may be rewarding to reevaluate the potential of LPG as a vaccine candidate.
Issues to be addressed for successful vaccine preparation
Protective antigens which induce the appropriate immune responses leading to host protection must be properly identified. The advent of gene cloning and monoclonal antibodies opened up the possibility of identifying and characterizing relevant protein antigens and most importantly producing them in unlimited amounts. With the continuous research, it is now clear that many antigens may combine to elicit protective immune responses.
Safety related to vaccine is another very vital issue. One of the worries in vaccine development is the possibility that a particular vaccine may exacerbate the disease associated with infection or cause pathological reactions due to crossreactivity between host and parasite antigens. Another nightmare is the possibility of unleashing the disease due to incomplete attenuation or inactivation of the organisms. There is also the possibility that attenuated organisms may revert and cause disease in immunocompromised individuals. Delivery and Adjuvants related to vaccine administration is very essential for its efficacy. The ability of certain bacteria and other particles to be taken up by the dendritic cells, coupled with the ability to express foreign genes in bacteria has made them attractive delivery vehicles for vaccines. Such a vaccine could exploit attenuated bacteria such as Salmonella or BCG, which are already in use as vaccines with demonstrated safety and immunogenicity. BCG has been used successfully for anti-Leishmania immunotherapy in South American patients without side effects. BCG vectors carrying gp63 have also been used successfully to induce protection in the L. major system.
On the contrary, although the number and type of adjuvants have expanded, their mechanism of action has remained largely mysterious and empirical. Adjuvants are believed to contribute to the amplitude of the immune response and to its quality off course. The importance lies in a judicious choice of adjuvant for Leishmania vaccines that require Th1 responses for protection. Several particulate adjuvants or delivery systems have been tested for use with Leishmania vaccines including liposomes, microparticles, immunostimulating complexes, and micelles formed by intrinsically adjuvanted lipopeptides. One of the most promising adjuvants involves the use of some of "nature's adjuvants" i.e., soluble cytokines which are known to promote Th1 immune responses. Among these, IL-12 is designer vaccines for the 21st century. N. Engl. J. Med., 341:277-278.
